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INTRODUCTION
Breast cancer is one of the most common causes of cancer and death among women. Breast carcinomas can be sporadic or hereditary; latter are associated with family history or germline mutations and account for 5%-10% of all breast carcinomas. [1] [2] [3] Breast cancer susceptibility is generally inherited as an autosomal dominant trait. [4] Breast cancer type 1 (BRCA1) mutations account for approximately 45% of families with a significantly high breast cancer incidence. [1, 5] More than 600 mutations have been identified in BRCA1 gene located on chromosome 17q21; [6, 7] BRCA1 mutation carriers carry a lifetime risk of 50%-85% for breast cancer and 15%-60% for ovarian cancer. [2, [7] [8] [9] They show an early age of onset and an increased risk for colon and prostate cancers. [7, [9] [10] [11] Thus, detection of this mutation makes screening for these tumors also important.
Majority of breast carcinomas are sporadic. Sporadic breast carcinomas rarely show somatic mutations. About 30% of these show downregulation o f B R C A 1 m R N A a n d p r o t e i n expression. [2, 12, 13] Since BRCA1 gene is large and hundreds of different mutations have been identified, genetic screening is expensive. Moreover, not all mutations are likely to be clinically important. Results of research suggest that screening methods only detect 60%-70% of BRCA1 mutations for several reasons. [7] The correlation of morphological findings and immunohistochemical profile helps decide the individuals likely to show BRCA1 mutations. This thus helps by providing a better patient selection and thereby increasing the possibilities of obtaining more rapid informative genetic screening results. [14] There are very few studies in the past depicting the immunohistochemical expression of BRCA1 in breast cancer patients and that too on trucut biopsy specimens and its relation with estrogen receptors (ER), progesterone receptors (PR), and human epidermal growth factor receptor 2 (HER-2)/neu expression.
Trucut biopsy besides being a sensitive outpatient procedure has many benefits. It gives information not only about the tumor type but also about grade and hormone receptor status. Unnecessary frozen sections can be avoided plus it allows biopsies from different sites of the lesion. Early diagnosis is thus made and an adequate definite plan of management can be decided for the patient. In the present study, the immunohistochemical expression of BRCA1 has been studied in breast carcinoma patients on trucut biopsy specimens along with its relation with an expression of ER, PR, and HER-2/neu and various other clinicopathological parameters.
MATERIALS AND METHODS
A cross-sectional hospital-based study was performed that included all 54 cytologically proven cases of breast carcinoma between November 2008 and March 2010 in Lady Hardinge Medical College and Shrimati Sucheta Kriplani Hospital, New Delhi, with collaboration of the Departments of Pathology and Surgery. Patient's clinical history and cancer characteristics including tumor type, histological grade, tumor size, and lymph node status were available for all patients. These patients were selected irrespective of family history, sex, age, or recurrence at the time of diagnosis.
The trucut biopsy was performed on breast lump using 14 gauge and 7.6 cm long needle under aseptic precautions. Minimum time of fixation required was 6 h in 10% neutral buffered formalin. The tissue sections were taken from these specimens. The paraffin-embedded tissue blocks were cut on poly-L-Lysine coated slides at 3-4 microns thickness and hematoxylin and Eosin staining and manual method of immunohistochemistry for BRCA1, ER, PR, and HER-2/neu were performed using the Super sensitive polymer-HRP ready to use kit (biogenex systems). MS 110 clone (Biocare Medical) was used for BRCA1 immunostaining at 1:100 dilution. The antibody clones used for ER, PR, and HER-2/neu immunostaining were 1D5 (DBS), hPRa2+ hPRa3 (DBS), and BV5 (DBS), respectively. These were used at 1:50 dilution. The antigen retrieval was done by pressure cooker for nuclear antigens such as ER, PR, and BRCA1. The microwave was used as means for antigen retrieval in HER-2/neu immunostaining.
Analysis of immunostaining
Estrogen receptors/progesterone receptors scoring system (quick score) This is based on assessment of proportion (score 0-5) and intensity of nuclear staining (score 0-3). The scores 0, 1, 2, 3, 4, and 5 are given for 0, <1, 1-10, 11-33, 34-66, and 67%-100% nuclei showing staining, respectively. The scores 0, 1, 2, and 3 are given for absent, weak, moderate, and intense nuclear staining, respectively. The scores are summed to give a maximum of 8. Tumors scoring 2 or less are considered negative. [15] Positive control tissue taken for ER and PR staining was fibroadenoma.
Scoring for breast cancer type 1
In the breast, BRCA1 staining is observed as brown nuclear staining in parenchymal cells with no cytoplasmic or membranous staining. In the malignant tissues, unlike breast, the expression intensity is heterogenous and frequently less intense than in normal breast. For scoring BRCA1 staining, scoring system given by Yoshikawa et al. [16] were follows: Score 0: 0% nuclear staining (absent staining) Score 1: <20% nuclear staining (reduced staining) Score 2: 20%-80% nuclear staining Score 3: >80% nuclear staining The score 0 and score 1 were taken to be the altered expression of BRCA1 protein. The positive control tissue taken for BRCA1 staining was normal breast tissue.
Scoring for human epidermal growth factor receptor 2/neu
The HER-2/neu staining is seen as brown, membranous staining. The score 0 is given if no staining is observed or incomplete faint/barely perceptible membrane staining is observed within ≤10% of tumor cells. An incomplete membrane staining that is faint/barely perceptible and within >10% of tumor is scored as 1+. The circumferential membrane staining that is incomplete and/or weak/moderate and occurring within >10% of tumor cells or complete and circumferential membrane staining that is intense and occurring within ≤10% of tumor cells is scored 2+. A circumferential membrane staining that is complete, intense, and occurring within >10% of tumor cells is scored as 3+. The scores 0 and 1+ are negative while scores 2+ and 3+ are taken to be equivocal and positive, respectively. [17] The Elston and Ellis modification of Scarff-Bloom-Richardson grading was followed for microscopic grading of breast carcinoma.
Statistical analysis
The association of BRCA1 expression with various clinicopathological parameters and ER, PR, and HER-2/neu expression was analyzed using SPSS software version 16 and P values were calculated for each parameter; P < 0.05 was taken to be statistically significant.
RESULTS

Breast carcinoma and clinical parameters
The patients ranged in age from 22 to 85 years. The mean age at presentation was 48.14 years. Fifty-three out of 54 patients were females and one patient was male. The majority of patients (62.3%) included in the study were postmenopausal.
The family history was present in 6 out of 54 cases (11.1%). Two out of 54 (3.7%) breast cancers were bilateral at the time of presentation. Majority (90.7%) were >2 cm in size. Three out of 54 (5.5%) breast cancers were the recurred cases of previously diagnosed and treated breast carcinoma. The axillary and supraclavicular lymph nodes involvement were observed in only 25 (46.3%) and 5 out of 54 (9.26%) patients, respectively.
Breast carcinoma and morphological parameters
Twenty-seven out of the 54 (50%) breast cancers were Grade 2 while 16 out of 54 (29.6%) and 11 out of 54 (20.4%) were Grade 1 and 3, respectively.
Breast carcinoma and estrogen receptors, progesterone receptors, and human epidermal growth factor receptor 2/neu expression
The ER and PR positivity was seen in 46.3% of the tumors while 18.5% were HER-2/neu positive. Both ER and PR negativity was observed in 40.7% breast carcinomas. Fifteen out of 54 (27.8%) patients were triple negative, i.e., ER, PR, and HER-2/neu negative.
Breast cancer type 1 expression
Out of total 54 breast cancers, 24 (44.4%) were found to have altered BRCA1 expression (reduced and absent) while 30 (55.6%) were BRCA1 positive. Among 24 breast cancers showing altered BRCA1 expression, 12 (22.2%) had score 0, and an equal number (22.2%) had score 1 BRCA1 positivity. Various immunohistochemical expressions of BRCA1 have been depicted in Figure 1 .
Breast cancer type 1 expression and clinical parameters
The mean age of presentation for breast carcinomas with altered and positive BRCA1 expression was 47.3 and 50.2 years, respectively. Only 1 out of 54 patients was a male who showed score2 BRCA1 positivity. Six breast (11.1%) cancers were familial; out of which 4 (66.7%) had altered expression. No significant association was found between BRCA1 expression and family history of breast cancer (P = 0.245). Majority of breast carcinomas 62.3% (33/53) presented in postmenopausal group. Among these, 57.6% (19/33) were positive for BRCA1 expression while 42.4% (14/33) had altered BRCA1 expression. However, no association was found between BRCA1 nuclear expression and menopausal status, P = 0.591. Twenty out of 24 (83.3%) breast carcinomas showing reduced or absent (altered) BRCA1 expression were found to be >3 cm in size. The larger size showed a significant association with altered BRCA1 expression, P = 0.011.
The frequency of uninvolved nodes was more common among breast carcinomas showing positive BRCA1 expression than those showing altered BRCA1 expression. Seventeen out of 29 (58.6%) showing uninvolved lymph nodes had positive BRCA1 expression. However, no significant association could be found out between BRCA1 expression and axillary lymph node involvement (P = 0.625). Five out of 54 patients had supraclavicular lymph node involvement; out of which only single had altered BRCA1 expression. No significant association could be established between the two, P = 0.248.
Breast cancer type 1 expression and morphological parameters
Seven out of 11 (63.6%) breast carcinomas with absent and reduced BRCA1 expression were Grade 3, in contrast to, 4 out of 11 (36.4%) BRCA1 positive breast carcinomas. Grade 1 tumors were more frequent in BRCA1 positive tumors (13/16, i.e., 81.3%) than tumors with altered BRCA1 expression (3/16 i.e., 18.7%). This has also been shown in Figure 2 . There was a significant association established between BRCA1 expression and grade of the breast cancer (P = 0.038).
The morphological features considered included lymphocytic infiltration, higher nuclear pleomorphism, less tubule formation, and high mitotic count; out of which the latter 3 are considered while calculating microscopic grade of the tumor by Nottingham Modification of the Bloom-Richardson system with which positive association was observed as discussed above. The positive association was seen between BRCA1 expression and lymphocytic infiltration of the tumor (P = 0.0005).
Breast cancer type 1 expression and estrogen receptors status
Majority of the breast cancers with altered BRCA1 expression were ER negative (15/24, i.e., 62.5%) while 46.7% (14/30) of breast cancers with positive BRCA1 expression were ER negative. However, no significant association could be established between the two (P = 0.246). The findings have been illustrated in Figure 3 .
Breast cancer type 1 expression and progesterone receptors status
Nineteen of 24 (79.2%) breast cancers with altered BRCA1 expression had negative PR expression, in comparison to, 10 out of 30 (33.3%) in breast cancers with positive BRCA1 expression. BRCA1 nuclear expression showed a positive significant association with PR status, P = 0.001. The observations have been depicted in Figure 4 .
Breast cancer type 1 expression and HER-2/neu status
Equal frequency of breast carcinomas with altered and positive BRCA1 expression showed negative HER-2/neu
Figure 4: Relationship between breast cancer type 1 and progesterone receptors expression
expression (66.7% in each group). No significant association was seen between BRCA1 nuclear expression and HER-2/neu expression (P = 0.869). This has been shown in Figure 5 .
Breast cancer type 1 expression and triple-negative status
Out of 54 breast carcinomas, 15 were found to be triple negative (27.8%). Out of these 66.7% (10/15) had altered BRCA1 expression. Among breast carcinomas showing altered BRCA1 expression (24 cases), 10 (41.7%) were triple negative. This was found to be statistically significant (P = 0.042).
The results of the study in relation to BRCA1 expression and its relation with various parameters such as clinical characteristics, morphological features, and hormone receptor status has been illustrated in Table 1 .
DISCUSSION
Breast carcinoma is one of the most common cancers among females worldwide. The trend is toward an increase during the past two decades. There are many different treatment options available including chemotherapy, radiotherapy, and hormonal therapy. Although surgery is the mainstay of treatment of early breast cancer, the main focus after surgical resection is to determine which women will gain benefit from adjuvant therapies, for example, chemotherapy, radiotherapy, and hormonal therapies. [2] At present, treatment decisions are made on histological tumor characteristics and the molecular markers such as ER, PR, and HER-2/neu are used to predict the treatment response in both early and metastatic breast cancer disease. [2] Still, a search for other better biomarker is continuing including the research on the role of BRCA1.
It is very important to define morphological, immunohistochemical, and molecular features of BRCA1 associated tumors to improve genetic testing and also gain further insight into biological characteristics of tumors. [18] The morphological and immunohistochemical data can be combined to predict risk of a young patient harboring a germline mutation in BRCA1. [19] The BRCA1 protein may play a crucial role in the development and progression of sporadic breast carcinomas and can be a promising biomarker to select a more targeted and effective chemotherapeutic regime to the patients of breast carcinoma. Thus to study its immunohistochemical expression becomes important.
The BRCA1-associated breast carcinomas are particularly chemosensitive. BRCA1 could be a predictive marker of response to different types of chemotherapeutic agents. [2] In the present study, 24 (44.4%) patients were found to have altered BRCA1 expression. Six breast cancers were familial, out of which 4 had altered expression. Although a number of cases with family history were less, altered expression of BRCA1 was observed to be higher (66.7%) in familial as compared to sporadic cases (41.7%). No significant association could be established between BRCA1 expression and family history. However, more number of cases with family history would be required to establish any association with BRCA1 expression.
Rakha et al. [20] reported complete loss of nuclear expression of BRCA1 in 15% breast carcinomas and reduced nuclear expression in 39% of the cases. Similarly Pérez-Vallés et al. [21] reported that among 38 breast cancer cases with no germline mutations, 63% of the familial cases showed absent staining for BRCA1, in contrast to, 50% cases without family history which was quite high. Among breast carcinoma with germline mutations, 43% and 28% showed absent and reduced staining, respectively. Yang et al. [12] demonstrated 34.3% of the 175 sporadic breast cancers to be negative for BRCA1 nuclear staining. Lambie et al. [1] in their group of 100 breast carcinoma patients found 79% cases to be showing weak to moderate nuclear staining for BRCA1 while it was completely lost in 5% of the tumors.
On the contrary, Lee et al., [22] Yoshikawa et al., [16] Mitrovic et al., [23] and Hosni [24] and Hedau [25] et al. noticed this in relatively lesser proportion of cases. Lee et al. [22] found absence of nuclear staining of BRCA1 in 18.5% sporadic breast carcinomas.
Yoshikawa et al. [16] noticed that 30 (28%) of 108 sporadic and 6 (17%) of 35 hereditary breast tumors with unknown BRCA1 mutation status showed reduced expression of BRCA1 protein.
None of the cases among these groups showed complete loss of BRCA1 expression. Of the 19 breast cancer tissues with known BRCA1 mutation, 8 (42.1%) cases showed reduction and 7 (36.8%) showed complete loss of BRCA1 expression.
Mitrovic et al. [23] studied Topoisomerase 2 alpha (TOP2A) amplification (using fluorescence in situ hybridization methods), and TOP2A and BRCA1 protein Hosni et al. [24] evaluated 30 cases of female breast cancer immunohistochemically for the expression of both aldehyde dehydrogenase 1 (ALDH1) and BRCA. BRCA1 expression was positive in 18 cases (60%) and negative in 12 (40%) cases. Thirty percentage showed positive cytoplasmic expression for ALDH1.
Hedau et al. [25] evaluated the level of expression of the BRCA1 and BRCA2 proteins immunohistochemically in 40 sporadic breast cancer cases. Out of the 40 breast cancer, 12 cases (30.0%) showed a decreased BRCA1 protein expression compared to their respective normal adjacent controls.
The larger size was found to have a significant association with altered BRCA1 expression. Similar results have also been reported by Pérez-Vallés et al. [21] They found tumors measuring ≥4 cm to correlate with the absence of BRCA1 staining. Rakha et al. [20] also found a positive correlation between larger tumor size and nuclear expression of BRCA1. They found that 58.2% of cases with reduced and absent (altered) staining to be associated with larger size than 41.8% of cases with strong staining (P < 0.001). Comănescu et al. [14] observed 64.29% of breast tumor (carrying BRCA1 gene mutation) to be >2 cm in size. However, Lee et al., [22] Lambie et al., [1] and Yang et al. [12] did not find any correlation between tumor size and BRCA1 nuclear expression.
In our study, no significant association could be found out between BRCA1 expression and axillary or supraclavicular lymph node involvement. Similarly, Pérez-Vallés et al., [21] Yoshikawa et al. [16] did not find any significant association between the two. On the contrary, Yang et al. [12] and Rakha et al. [20] found a significant negative correlation between lymph node status and nuclear BRCA1 expression.
In the present study, among Grade 3 breast carcinomas 63.6% (7/11) showed reduced and absent BRCA1 expression. On the contrary, among Grade 1 tumors, majority were BRCA1 positive (81.3%) as compared to those with altered BRCA1 expression (18.7%). This was statistically significant. This was consistent with results of Rakha et al., [20] Yang et al., [12] Lambie et al., [1] Lee et al., [22] and Hedau et al. [25] However, Pérez-Vallés et al. [21] observed no association of negative BRCA1 expression with grade of tumor in patients with no germline mutations. However, patients with germline mutations belonged to Grade 2 (2/7) and Grade 3 (5/7). Similarly, Yoshikawa et al. [16] did not find any significant association between BRCA1expression and grade of the tumor.
Positive ER expression is considered as a good prognostic marker and gives a good response to Tamoxifen. In this study higher proportion of cases with altered BRCA1 expression (62.5%) showed ER negativity. However, it was not statistically significant. Similar findings were also obtained by Lee et al., [22] who demonstrated loss of BRCA1 nuclear expression more commonly to be present in ER-negative tumors (12.2% vs. 27.1%), but without any significant association (P = 0.056). In addition, Yang et al. [12] and Pérez-Vallés et al. [21] observed ER negativity a more common feature among BRCA1-negative breast tumors but without any significant association. Similar results have been reported by Lambie et al. [1] and Yoshikawa et al. [16] However, Rakha et al. [20] noticed a significant association between ER negativity and altered BRCA1 expression.
The PR negativity was significantly seen to be associated with tumors showing altered BRCA1 expression. Similar results were also obtained by Rakha et al. [20] and Comănescu et al., [14] who noticed a significant association between negative PR expression and altered BRCA1 expression on immunohistochemistry in breast carcinomas. However, no significant association between serum PR levels and BRCA1 staining was found by Yoshikawa et al. [16] The score 3 positivity of HER-2/neu was more common among breast carcinoma with altered expression (21%) than breast carcinoma with positive BRCA1 expression (16.7%). Yoshikawa et al. [16] depicted similar results that breast carcinoma with reduced BRCA1 expression to have a trend toward HER-2/neu overexpression. HER-2/neu expression and BRCA1 nuclear staining were not found to be significantly associated by Yang et al. [12] and Rakha et al. [20] In the present study, 15 out of 54, i.e., 27.8% breast carcinomas were found to be triple negative; of which 66.7% (10/15) were found to have altered BRCA1 expression. This was statistically significant. A significant association was also found by Rakha et al. [20] between altered nuclear BRCA1 expression and triple-negative phenotype where 80% showed altered BRCA1 nuclear expression. Comănescu et al. [14] depicted in their study that 78.6% (11/14) breast carcinoma which were positive for the presence of BRCA1 gene mutations on immunohistochemistry cases showed triple negativity for ER, PR, and HER-2/neu.
Various morphological characteristics possessed by tumors
showing altered BRCA1 expression include large size, higher grade, less tubule formation, high mitosis, high nuclear pleomorphism, lymphocytic infiltration, smooth noninfiltrative margins, and vascular invasion. Out of these, in our study, we found that breast cancer cases with altered BRCA1 expression had significant association with lymphocytic infiltration, higher grade, and larger size. Tubule formation, mitoses and nuclear pleomorphism are considered in modified Bloom Richardson grading system, and we found a positive significant association of altered BRCA1 expression with grade. However, the characteristic pushing margins and vascular invasion can not be reliably commented on trucut biopsy specimens on account of smaller amount of tissue.
Mitrovic et al. [23] demonstrated that TOP2A and BRCA1 positive phenotypes were in significant correlation in Luminal B and triple-negative breast cancer subtypes and that patients from these groups could benefit from epirubicin-based therapy.
The study by Hosni et al. [24] revealed a significant inverse correlation between expression of ALDH1 and BRCA1 and established phenotypes combining expression of ALDH1, BRCA1, ER, PR, and HER2, which correlate with prognosis and outcome. They found that the protein expression profile; (ALDH1-, BRCA+, ER+, PR+, HER2-) was correlated with good prognosis and outcome of tumor while (ALDH1+, BRCA-, ER-, PR-, HER2+) was correlated with worse prognosis as well as tumor outcome. The study emphasizes the possible utility of ALDH1 as a biomarker to screen family members at risk for BRCA1 mutation and a possible therapeutic target in breast cancer as well.
Vaz et al. [26] suggested BRCA1 immunohistochemistry a rapid and easy test that can be used before the expensive mutation screening, to select which high-risk cases should be submitted to analysis of this gene; they found that BRCA1 immunohistochemistry was 100% specific and 80% sensitive to predict for BRCA1 mutations.
Mangia et al. [27] carried out an immunohistochemical study on tissue microarray samples from 93 sporadic and 94 familial breast cancer patients with (7/94) and without BRCA1 germline mutations. BRCA1 protein expression level was evaluated using the monoclonal MS110 antibody. All the tumors from patients carrying BRCA1 mutations showed complete loss of both BRCA1 and ERα expression, regardless of the type of mutation. The percentage of MS110 positive cases was significantly lower in mutated versus wild-type BRCA1 familial cases (P = 0.02) while the percentage of patients with higher ERα expression was significantly lower in BRCA1-mutated versus BRCA1-wild type familial patients (P = 0.05).
CONCLUSION
In our study, we found that altered BRCA1 expression is significantly associated with larger size (>3 cm), higher grade, PR positivity, triple-negative status, and lymphocytic infiltration while higher number of cases with altered expression had ER negativity and HER-2/neu overexpression. As BRCA1-related tumors are chemosensitive and respond very well to certain chemotherapeutic drugs, knowing BRCA1 expression status before initiation of chemotherapy is important in tailoring a proper chemotherapeutic regime.
The trucut biopsy of breast lump is a convenient method to obtain sample for this as it is less invasive than open biopsy and immunohistochemistry can be put up but it has certain limitations that margins of carcinoma can not be commented owing to smaller tissue.
The combination of immunohistochemical expression of BRCA1 in breast carcinomas with morphological findings, other immunohistochemical features, and clinical history may be of great help in finding individuals more likely to carry BRCA1 mutations and selecting the candidate and family members to genetic screening for BRCA1 mutation.
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